A xanthan-degrading bacterium, strain AS7 T , was isolated from soil and its taxonomic position was determined using a polyphasic approach. Strain AS7 T was a Gram-stain-variable, spore-forming, motile, aerobic, rod-shaped bacterium. Phylogenetic analysis based on 16S rRNA gene sequence analysis revealed that strain AS7 T belongs to the genus Paenibacillus, sharing the highest level of sequence similarity with Paenibacillus phyllosphaerae PALXIL04 T (98.0 %). The cellwall peptidoglycan contained meso-diaminopimelic acid. MK-7 was the dominant isoprenoid quinone and the major fatty acid was anteiso-C 15 : 0 . Polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and two unknown phospholipids. These chemotaxonomic characteristics were consistent with the isolate belonging to the genus Paenibacillus. The G+C content of the genomic DNA was 51.0 mol% and the DNA-DNA hybridization value between strain AS7 T and P. phyllosphaerae PALXIL04 T was only 14.4±2.5 %. On the basis of phylogenetic analyses, phenotypic and chemotaxonomic characteristics, and DNA-DNA relatedness value, strain AS7 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus xanthanilyticus sp. nov. is proposed. The type strain is AS7 T (=IBRC M 10987 T =LMG 29451 T ).
Xanthan is an anionic heteropolysaccharide, produced by different species of the phytopathogenic genus Xanthomonas, especially by Xanthomonas campestris pv. campestris. The xanthan molecule possesses a cellulosic backbone, and linear side chains consisting of mannosyl-glucuronylmannose subunits are sequentially attached to the O-3 position of the alternate glucosyl residues in the backbone [1] . Five enzymes, xanthan lyase, b-D-glucanase, b-D-glucosidase, unsaturated glucuronyl hydrolase and a-D-mannosidase, were found to be responsible for the complete depolymerization of xanthan in Bacillus sp. GL1 [2] . Genes coding for such a collection of degrading enzymes are rarely brought together in a bacterium. Thus, xanthandegrading bacterial species are not frequently found in the environment.
Bacterial species belonging to the genus Paenibacillus can degrade a variety of polysaccharides [3] . Paenibacillus phyllosphaerae is a case in point, possessing the ability to degrade CM-cellulose, starch and xylan [4] . However, Paenibacillus alginolyticus is the only recognized species in this genus that is able to degrade xanthan partially [5] , although Paenibacillus sp. strain XD was also reported to cause a visible reduction in the viscosity of the xanthan solution [6] .
Since the genus Paenibacillus was first described based on the reclassification of 11 species of the genus Bacillus [7, 8] , the number of species in the genus has increased considerably. At the time of writing this article, the genus comprised 182 recognized species (http://www.bacterio. net/paenibacillus.html). Most members of the genus Paenibacillus have the following typical characteristics [3, 9] : they are rod-shaped, endospore-forming, aerobic or facultatively anaerobic and motile by means of peritrichous flagella; the cell-wall structure is Gram-positive and the diamino acid of the cell-wall peptidoglycan is meso-diaminopimelic acid [typically present in peptidoglycan type A1g (A31); [10] ]; menaquinone 7 (MK-7) is the major respiratory quinone and anteiso-C 15 : 0 is the predominant cellular fatty acid.
In this study, the taxonomic position of a novel bacterial strain with xanthanolytic activity, strain AS7 T , was determined by means of polyphasic taxonomic analyses. Identification was carried out following the proposed minimal standards for description of aerobic, endospore-forming bacteria [11] .
In the course of our study on the diversity of xanthandegrading bacteria, a novel strain, designated AS7 T , was isolated from a soil sample collected from a superficial sediment layer close to Urmia Lake in Iran (38 5¢ 14. 63 † N 45 12¢ 19.48 † E) using an enrichment culture on XY medium (3 g xanthan l À1 and 0.5 g yeast extract l À1 in mineral salts solution) at 30 C after 48 h [12] . Based on reduced viscosity in the xanthan solution, release of xanthooligosaccharides and detection of enzymatic activity, it was further delineated that strain AS7 T is a xanthan-degrading bacterium. P. phyllosphaerae PALXIL04 T (=IBRC-M 10879) was used as the reference strain in most analyses.
Cell morphology was observed by light (CX31; Olympus) and phase-contrast (2638.0000; Ceti) microscopy. Gramstaining was performed using Hucker's modification of the Gram staining procedure [13] . Endospore formation was examined using malachite green staining [14] . Cell motility was assessed using motility test agar [15] . Anaerobic growth was examined on XY, yeast agar and trypticase soy agar (TSA) in a Gaspak anaerobic chamber [16] .
Biochemical characteristics were determined using the API 20E and API 20NE rapid test systems according to the manufacturer's instructions (bioM erieux). Some of these tests were performed in combination with conventional biochemical tests. Additional tests, including those for acid production, and determination of the temperature and pH range and optimal temperature and pH for growth were carried out following standard procedures [17] [18] [19] . Growth at various temperatures ranging from 4.0 to 50 C (intervals of 5.0 C) was investigated in yeast broth. The pH range for growth was determined in the same medium buffered with 50 mM MES at pH 4.0-6.5, 50 mM MOPS at pH 6.5-8.0 and 50 mM CHES at pH 8.0-10. Growth in the presence of 0-5 % (w/v) NaCl (increments of 1 %) was assessed on yeast agar. Hydrolysis of casein, DNA, starch and aesculin was tested on casein agar, DNase test agar, starch agar and bile aesculin agar, respectively. The 16S rRNA gene was PCR-amplified [20] using the universal primer set 27F and 1492R [21] . Sequence similarities were determined from pairwise alignment analysis using the EzTaxon server [22] . Multiple alignment analysis was performed using the CLUSTAL W program [23] . The phylogenetic tree was inferred using the neighbour-joining model [24] , maximum-likelihood [25] based on the Tamura-Nei model [26] and minimum-evolution method [27] with the MEGA 5.0 software [28] . Bootstrap analysis based on 1000 resamplings [29] was used to demonstrate the robustness of the topology of the trees. The level of genomic DNA-DNA relatedness between strain AS7 T and P. phyllosphaerae PAL-XIL04 T was determined by DNA-DNA hybridization according to the method of De Ley et al. [30] with the modifications described by Huss et al. [31] . DNA was isolated and purified as described by Cashion et al. [32] .
Determination of the genomic DNA G+C content was performed as described by Tamaoka and Komagata [33] using reversed-phase HPLC. Cellular fatty acids were identified using cells grown on TSA medium for 2 days at 28 C. Fatty acid methyl esters were obtained according to the instructions of the Sherlock Microbial Identification System (MIDI), analysed using GLC and identified using the TSBA 5.0 database of the MIDI system [34] . Isoprenoid quinones were extracted and purified as described by Collins [35] from lyophilized cells and analysed using an HPLC machine equipped with a Zorbax-XDB C18 column (Agilent) as described by Wu et al. [36] . Polar lipids were also extracted from lyophilized cells and identified according to the method of Minnikin et al. [37] . The diagnostic diamino acid in the peptidoglycan was determined using TLC on cellulose plates according to the protocol of Schumann [10] .
Phylogenetic analysis of the 16S rRNA gene sequence revealed that strain AS7 T was affiliated to the genus Paenibacillus. The isolate showed the highest gene sequence similarity to P. phyllosphaerae PALXIL04 T (98.0 %) followed by Paenibacillus oenotherae DT7-4 T (96.4 %). The original value of 16S rRNA gene sequence similarity proposed as the threshold for species delineation was 97 % [38] . However, higher values of 98.7-99 % [39] and more recently 98.2-99 % [40] and 98.65 % [41] are also recommended, and can be used as the threshold for differentiation of two species. A phylogenetic tree illustrating the position of strain AS7 T in relation to other species of the genus Paenibacillus is shown in Fig. 1 . Strain AS7 T formed a distinct cluster with P. phyllosphaerae PALXIL04 T with high bootstrap support.
Colonies of strain AS7 T grown on XY solid medium after 48 h were circular, opaque and white with approximate diameters of 0.5-1.8 mm. Colonies on yeast agar were circular, translucent and yellowish white with approximate diameters of 0.5-2 mm. Cells were Gram-stain-variable, motile and spore-forming rods 0.5-0.8 µm in width and 2.5-7 µm in length. Ellipsoidal spores were located in subterminal and terminal positions in cells. Strain AS7 T was aerobic, motile, and catalase-and oxidase-positive. Characteristics that differentiate strain AS7 T from P. phyllosphaerae PALXIL04 T are listed in Table 1 . Other phenotypic features are given in the species description.
The DNA-DNA relatedness value between strain AS7 T and its closest relative, P. phyllosphaerae PALXIL04 T , was 14.4 ±2.5 %. Since this value is well below the 70 % threshold recommended for the delineation of bacterial species [42] , it supports the designation of strain AS7 T as a representative of a novel species within the genus Paenibacillus.
The DNA G+C content of strain AS7 T was determined to be 51 mol%, which was similar to that of the most closely related species. The cellular fatty acid profiles of strain AS7 T and its closest relative, P. phyllosphaerae PALXIL04 T , are shown in Table 2 . The fatty acid profile of strain AS7 T comprised anteiso-C 15 : 0 (51 %) as the major component (>10 %). However, major fatty acids in the reference strain were anteiso-C 15 : 0 , C 16 : 0 and iso-C 16 : 0 [4] . Differences between the fatty acid profiles of strain AS7 T and the reference strain were also found among minor constituents: for instance, C 12 : 0 , C 16 : 1 !7c alcohol, C 10 : 0 and summed feature 4 were detected only in strain AS7 T , while only the reference strain contained C 17 : 0 and C 16 : 1 !7c. The predominant isoprenoid quinone detected in strain AS7 T was unsaturated menaquinone with seven isoprene units (MK-7). The polar lipid profile was found to consist of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and two unknown phospholipids (Fig. S1 , available in the online version of this article). Phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine were also found as major polar lipids in the type species of the genus, Paenibacillus polymyxa [43] . The cellwall peptidoglycan contained meso-diaminopimelic acid as the diagnostic diamino acid, suggesting the presence of peptidoglycan type A1g [10] , equivalent to type A31, according to http://www.peptidoglycan-types.info.
In view of the phylogenetic analyses and chemotaxonomic data presented, it is evident that strain AS7 T is affiliated to the genus Paenibacillus. However, strain AS7 T could be differentiated from its closest related species in terms of DNA-DNA relatedness value and some phenotypic characteristics, especially by its xanthan-degrading activity. Collectively, Fig. 1 . Maximum-likelihood phylogenetic tree derived from 16S rRNA gene sequences showing the position of strain AS7 T and the most closely related species of the genus Paenibacillus. Bacillus subtilis DSM 10 T was used as an outgroup. GenBank accession numbers are given in parentheses. Bootstrap values generated from 1000 resamplings are indicated at branch points; only values >50 % are given. Bar, 0.01 substitutions per nucleotide position. Solid circles indicate that the corresponding nodes were also recovered in trees generated with the neighbour-joining and minimum-evolution methods and the open circle indicates that the corresponding node was only recovered in the tree generated with the maximum-likelihood method. Table 1 . Differential characteristics between strain AS7 T and its closest relative in the genus Paenibacillus Strains: 1, AS7 T ; 2, P. phyllosphaerae PALXIL04 T (data from the present study, unless otherwise indicated). +, Positive; -, negative; W, weakly positive. The type strain, AS7 T (=IBRC M 10987 T =LMG 29451 T ), was isolated from soil of the north-west coast of Urmia Lake in Iran. The DNA G+C content of the type strain is 51 mol%. 
